TTTLF. OFTHF. YNTVFNTTON^ 
METHOD FOR CLEANING SEMICONDUCTOR WAFER AFTER 
CHEMICAL MECHANICAL POLISHING ON COPPER WIRING 

FIELD OF THF TNVKNTTON 

This invention relates to a wafer cleaning technology and, more particu- 
larly, to a methad for cleaning a semiconductor wafer after a chemical 
mechanical polishing on a copper wiring. 

DESCRTPTTON OFTHF RFT.ATFn 4 R T 

One of the technical goals for a semiconductor logic circuit device is a 
high-speed logic function. A copper wiring is attractive, because the electric 
resistance is low and the anti-electro migration property is good. The copper 
wiring is employed in the semiconductor logic circuit device. Although the 
copper wiring is desirable in view; of the electric resistance and the anti- 
electromigration property, a Copper layer is hardly patterned through a dry 
etching. The copper wiring is usually patterned as follows. First, a groove is 
formed in an insulating layer, and barrier metal such as titanium or tantalum 
and copper are successively deposited over the entire surface of the insulating 
layer. The entire surface of the insulating layer is covered with the barrier 
metal, and defines a secondary groove in the groove. The copper fills the 
secondary groove, and swells into a copper layer spread over the upper sur- 
face of the barrier metal layer. The copper layer and the barrier metal layer 
are chemically mechanically polished until the insulating layer is exposed, 



again. The copper is left in the secondary groove, and forms the copper wir- 
ing. 

Polishing slurry is used in the chemical mechanical polishing, and contains 
polishing particles. Copper particles are produced during the chemical 
mechanical polishing. For this reason, when the copper wiring is completed, 
various kinds of contaminant are left on the surface of the insulating layer and 
the surface of the copper wiring. If the fabrication process is continued 
without any surface cleaning, the copper particles and other metallic contami- 
nant such as Fe, Ca and K are diffused through the insulating layer, and reach 
the circuit components. The contaminant deteriorates the circuit components. 
Thus, the surface cleaning is indispensable, and is an important technology in 
the fabrication process. 

The copper wiring is not limited to the semiconductor logic circuit device. 
Logic circuits are integrated on a semiconductor chip together with other 
function blocks such as, for example, a dynamic random access memory block, 
and the copper wiring is employed in those semiconductor integrated circuit 
devices. 

The present inventors searched documents already published for a surface 
cleaning after the chemical mechanical polishing on the copper layer. How- 
ever, the present inventors could not find any surface cleaning. For this rea- 
son, a surface cleaning after a chemical mechanical polishing on a tungsten 
player is hereinbelow described. 



Titanium or titanium nitride is used as a barrier metal layer for the tung- 
sten wiring, and the tungsten is deposited over the barrier metal layer. While 
a tungsten layer is being chemically mechanically polished, polishing slurry is 
supplied to the polishing pad. The polishing slurry contains alumina particles 
or silica particles dispersed in mixture of hydrogen peroxide and oxidizer. 
Upon completion of the chemical mechanical polishing, the alumina particles 
or the silica particles are left over the silicon wafer at 3000 particles per wa- 
fer. The tungsten powder is also left on the silicon wafer. 

A known surface cleaning after the chemical mechanical polishing uses 
diluted hydrofluoric acid, and another known cleaning technology uses a 
brushing in aqueous ammonia and a centrifugal spray cleaning (see MRS. 
Symp., Proc. Vol. 386, pages 109 (1995) written by LJ. Malik et. al.) using 
citric acid. However, the diluted hydrogen peroxide is known as a kind of 
etchant. The titanium and the titanium nitride are etched in the diluted hydro- 
fluoric acid at large etching rate. For this reason, the diluted hydrofluoric 
acid is not appropriate for the surface cleaning after the chemical mechanical 
polishing on the tungsten wiring laminated on the barrier metal layer. 

The second prior art surface cleaning is available for the tungsten wiring. 
The aqueous ammonia contains the ammonia at 0.1 - 2 weight percent, and the 
particles are brushed away in the aqueous ammonia. Thereafter, the wafer is 
spun, and the citric acid is sprayed onto the tungsten wiring for removing the 
metallic contaminant. 

SUMMARY OP THK TNVRNTTON 



It is therefore an important object of the present invention to provide a 
cleaning method after a chemical and mechanical polishing for a copper wir- 
ing without undesirable etching. 

The present inventors evaluated the prior art cleaning technologies to see 
whether or not any one of them was available for a copper wiring. The pre- 
sent inventors prepared samples of copper wiring. Copper was formed on a 
barrier metal layer of titanium/ titanium nitride through a metal plating and a 
chemical vapor deposition. The present inventors carried out the chemical 

mechanical polishing on the copper layers. Upon completion of the chemical 

i 

mechanical polishing, the present inventors measured the copper contaminant. 
The copper contaminant was equal to or greater than 10^^ atoms/ cm^ » 

The samples were cleaned through the prior art methods. The diluted hy- 
drofluoric acid etches the barrier metal layer at a large etching riate, and was 
not available for the post cleaning. The present inventors brushed the sam- 
ples in the aqueous ammonia. Although the aqueous ammonia removed the 
particles from the copper wiring, a large number of pits were produced in the 
exposed surface of the copper wiring. The aqueous ammonia reacted with the 
copper so as to produce ammonia complex, and the ammonia complex was 
dissolved. The copper was polycrytal, and the aqueous ammonia penetrated 
along the grain boundaries. This meant that the ammonia complex was pro- 
duced along the grain boundaries, and the copper grains were separated. The 
citric acid did not etch the barrier metal layer. However, the citric acid at 
high concentration was required for removing the metallic contaminant such 



as Fe. The high-concentration citric acid increased the cleaning cost. The 
citric acid was an organic compound, and the amount of total carbon in the 
wastewater was not ignoreable. Thus, the second cleaning technology was al- 
so not available for the copper wiring. 

In accordance with one aspect of the present invention, there is provided a 
method for cleaning a semiconductor wafer having a copper layer exposed to 
a surface thereof after a chemical mechanical polishing comprising the steps 
of a) treating the semiconductor wafer with a first washer selected from the 
group consisting of aqueous ammonia containing ammonia at 0.0001 - 0.5 
weight percent, a catholyle between neutral and weak base and hydrogen 
containing water for removing polishing particles from the semiconductor wa- 
fer without damage to the copper layer and b) treating the semiconductor wa- 
fer with a second washer containing at least one decontaminating agent se- 
lected from the group consisting of polycarboxylic acids each capable of pro- 
ducing a chelate compound together with copper, ammonium salts of the 
polycarboxylic acids and poiyaminocarboxylic acids for removing metallic 
contaminants from the semiconductor wafer. 

In accordance another aspect of the present invention, there is provided 
another method for cleaning a semiconductor wafer having a tungsten layer 
exposed to a surface thereof after a chemical mechanical polishing comprising 
the steps of a) treating the semiconductor wafer with a first washer selected 
from the group consisting of aqueous ammonia containing ammonia at 0.0001 
- 5 weight percent, a catholyte between neutral and weak base and hydrogen 



containing water for removing polishing particles from the semiconductor wa- 
fer without damage to the tungsten layer and b) treating the semiconductor 
wafer with a second washer containing at least one decontaminating agent 
selected from the group consisting of oxalic acid, ammonium oxalate and 
polyaminocarboxylic acids and ranging from 0.01 weight percent to 7 weight 
percent for removing metallic contaminants from the semiconductor wafer. 

BRIEF DRSCRTPTTON OFTHR DRAWTNOS 

The features and advantages of the surface cleaning method will be more 
clearly understood from the following description taken in conjunction with 
the accompanying drawings in which: 

Fig. 1 is a cross sectional view showing a semiconductor structure to be 
cleaned through a method according to the present invention; 

Fig. 2 is a graph showing etching rates and a pit density during a cleaning 
method according to the present invention and during the prior art cleaning 
method; 

Fig. 3 is a graph showing the number of residual polishing particles in 
terms of the washer; 

Fig. 4 is a graph showing three kinds of residual metallic contaminant af- 
ter a cleaning using different kinds of washer; 

Fig. 5 is a graph showing residual metallic contaminants after treatments 
with different kinds of washer; 

Fig. 6 is a graph showing residual copper contaminant after treatments 
with different organic acids; 



Fig. 7 is a graph showing residual metallic contaminants on reverse sur- 
faces after treatments with different kinds of washer; 

Fig. 8 is a cross sectional view showing another semiconductor structure 
to be cleaned through a method according to the present invention; 

Fig. 9 is a graph showing Fe concentration in terms of oxalic acid/ citric 
acid concentration; 

Fig. 10 is a flow chart showing a cleaning sequence for the first and sec- 
ond embodiments; and 

Figs. 11 A and IIB are perspective views showing essential steps in the 
cleaning sequence. 

DBSCRTPTIQN QFTHE PREFRRRRD RMBQDIME NT S 
First Hmbodimcnt 

Semiconductor Structure to be Cleaned 

Referring to figure 1 of the drawings, a copper wiring 1 is embedded in an 
inter-level insulating layer 2 deposited over a silicon substrate 3. Grooves are 
formed in the inter-level insulating layer 2, and the inner surfaces defining the 
grooves are covered with barrier layers 4, The barrier layers 4 define secon- 
dary grooves, and copper strips la/ lb are formed in the secondary grooves, 
respectively. The copper strips la/ lb form parts of the copper wiring 1. 

The inter-level insulating layer 2 is usually formed of silicon oxide. 
Another kinds of insulating material are smaller in dielectric constant than the 
silicon oxide, and are available for the inter-level insulating layer 2. These 
kinds of insulating material are, by way of example, organic compounds such 



as benzocyclobutene, parylene-N and CYTOP, inorganic material such as xe- 
rogel and silisesquiioxane and composite material between organic com- 
pound and inorganic material such as hydrogen peroxide/ methylsilane-based 
CVD oxide. Although the dielectric constant of silicon oxide is 3.9 - 4.2, tho- 
se kinds of insulating material range from 1.8 to 3.5. Especially, the hydro- 
gen silisesquiioxane is attractive, because the dielectric constant ranges from 
2.8 to 3.2 and the properties are stable. The barrier layers 4 are formed of 
tantalum or titanium nitride. 

The copper wiring 1 is formed as follows. The insulating material is de- 
posited over the entire surface of the silicon substrate 3, and forms the inter- 
level insulating layer 2. A photo-resist etching mask (not shown) is formed 
on the inter- level insulating layer 2 through a lithographic process, and the 
inter-level insulating layer 2 is selectively etched away. Then, the grooves 
are formed in the inter-level insulating layer 2. The barrier metal is deposited 
over the entire surface of the inter-level insulating layer 2 by using a physical 
vapor deposition technique or a chemical vapor deposition technique, and the 
barrier metal layer defines the secondary grooves. Copper is grown on the re- 
sultant semiconductor structure by suing a metal plating, a physical vapor de- 
position or a chemical vapor deposition. The copper fills the secondary 
grooves, and swells into a copper layer extending over the barrier metal layer. 
The copper 5 adheres to the reverse surface of the silicon substrate 3. 

The copper layer is pressed against a polishing pad, and polishing slurry is 
supplied to the polishing pad. The polishing slurry contains polishing parti- 
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cles and oxidizer* Alumina particles are used as the polishing particles, and 
hydrogen peroxide and iron nitrate are examples of the oxidizer. The copper 
layer and the barrier metal layer are chemically mechanically polished until 
the inter-level insulating layer is exposed, again. Then, the semiconductor 
structure shown in figure 1 is obtained. 

Upon completion of the chemical mechanical polishing, the alumina parti- 
cles 6 are left on both surfaces of the resultant semiconductor structure. The 
alumina particles are more than 30000 per wafer. The copper contaminant on 
the inter-level insulating layer 2 and the copper wiring 1 is more than 10^^ at- 
oms/ cm^. If the polishing slurry contains K or Fe, K or Fe also contaminates 
the resultant semiconductor structure. The residual copper and the other met- 
allic contaminants on the major surface are designated by reference numeral 7. 
As described hereinbefore, the copper adheres to the reverse surface of the 
silicon substrate, and the copper on the reverse surface is more than 10" at- 
oms/ cm^. The residual copper and the other metallic contaminants on the re- 
verse surface are labeled with reference numeral 8. 

The alumina particles and the metallic contaminant are undesirable for cir- 
cuit components integrated on the silicon substrate 3, and are to be removed 
without any damage to the copper wiring 1. A brushing is appropriate to the 
alumina particles. However, a chemical treatment is required for the metallic 
contaminant. Thus, the polishing particles such as alumina particles and the 
metallic contaminant are to be removed through the different steps. In the 
following description, a cleaning for removing the polishing particles, a 



cleaning for removing metallic contaminants from the major surface and a 
cleaning for removing metallic contaminants from the reverse surface are 
referred to as "first cleaning", "second cleaning" and "third cleaning", respec- 
tively. 

Removal of Polishing Particles 

The polishing particles such as the alumina particles can be removed only 
through a brushing. The polishing particles tend to adhere to the surfaces of 
the semiconductor structure. In order to prevent the surfaces of the semicon- 
ductor structure from the polishing particles, electric repulsion between the 
polishing particles and the surfaces is utilized. If alkaline washer is used 
during the brushing, the polishing particles and the surfaces of the semicon- 
ductor structure are negatively charged, and the polishing particles repel the 
surfaces of the semiconductor structure. This means that the polishing parti- 
cles do not adhere to the surfaces, again. In order to negatively charge the 
polishing particles and the surfaces of the semiconductor structure, the pre- 
sent inventors propose two kinds of washer for the brushing stage. 

Aqueous ammonia is alkaline, and does not contaminate the semiconductor 
structure. However, if the ammonia is in high concentration, the ammonia re- 
acts with copper, and the ammonia and the copper produce ammonia complex. 
The chemical reaction is expressed as 

Cu + 1/ 2O2 4NH3 +H2O -» [Cu(NH3)4]'* + 20H • 

The present inventors experimentally determined the upper limit of the 
ammonia concentration at which the chemical reaction is ignoreable. The 
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present inventors found that the polishing particles and the surfaces of the 
semiconductor structure were negatively charged in the aqueous ammonia 
ranging between 0.0001 weight percent and 0.5 weight percent without seri- 
ous pits on the copper wiring 1, Thus, the first approach for the removal of 
the polishing particles was to control the ammonia concentration or the pH 
control of the aqueous ammonia, and the available range was from 0.0001 
weight percent to 0.5 weight percent. 

The present inventors further found that catholyte was available for the 
surface charges during the brushing. The catholyte was neutral, and was ob- 
tained through an electrolytic process as described in "Electrochemistry 
Handbook" 4*^ edition, page 277. A solid polymer electrolyte was sand- 
wiched between a cathode and an anode. Pure water was electrolyzed by ap- 
plying dc voltage, and the catholyte was obtained around the cathode. Am- 
monium ion might be added to the pure water, and was equal to or less then 
0,5 weight percent. The resultant water containing the ammonium ion equal 
to or less than 0.5 weight percent was hereinbelow simply referred to as 
"ammonium-ion containing water". 

Although the catholyte was neutral or weak base, the catholyte had strong 
reducing property due to the active hydrogen generated around the cathode. 
For this reason, the catholyte did not etch the copper wiring, and made the 
surface potential on the polishing particles and the surface potential on the 
semiconductor structure negative as similar to the aqueous ammonia in high 
concentration. 
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Quasi catholyte was also available for the washer. Hydrogen had been 
produced during the electrolytic process, and dissolved in the catholyte. The 
present inventors dissolved hydrogen into the pure water or the ammonium- 
containing water equal to or less than 0.5 weight percent through the bubbling 
of hydrogen. The hydrogen-containing water was referred to as "quasi- 
catholyte". The quasi-catholyte made the polishing particle and the surfaces 
of the semiconductor wafer negatively charged. The present inventors con- 
firmed that the polishing particles were rem9ved through the brushing in the 
quasi-catholyte without the^its,..^-^^ 

The cathoTytc and the quasi-catholyte has an oxidation-reduction potential 

preferably ranging from -1000 milli-volts to - 300 railli-volts by using a silver 
chloride pole as a reference electrode. The oxidation-reduction potential be- 
tween -800 milli-volts and -600 milli-volts was more preferable. The ammo- 
nia concentration in the catholyte or the ammonium-ion containing water was 
preferably between 0.0005 weight percent and 0,01 weight percent, and the 
hydrogen concentration in the catholyte or the ammonium-ion containing wa- 
ter preferably ranged from 0.1 ppm to 10 ppm. 

The present inventors compared the cleaning methods according to the 
present invention with the prior art cleaning method. The washer used in the 
prior art cleaning method was the aqueous ammonia at 1.8 weight percent, 
and the etching rate and the number of pits were measured after the prior art 
cleaning in the aqueous ammonia at 1.8 weight percent. The semiconductor 



structure shown in figure 1 was dipped in the aqueous ammonia at 1,8 weight 
percent, and the pits were counted after 10 minutes. 

The washer used in the first cleaning method according to the present in- 
vention was the aqueous ammonia at 0.0002 weight percent, and the etching 
rate and the number of pits were measured after- the cleaning an the aqueous 
ammonia at 0.0002 weight percent. The semiconductor structure shown in 
figure 1 was dipped in the aqueous ammonia at 0.0002 weight percent, and 
the pits were counted after 10 minutes. 

The washer used in the second cleaning method according to the present 
invention was the catholyte obtained from the pure water, and the etching rate 
and the number of pits were measured. The semiconductor structure shown in 
figure 1 was dipped in the catholyte, and the pits were counted after 10 min- 
utes. 

The etching rate on a copper layer and the number of pits on the copper 
layer per unit length were plotted in figure 2. The etching rate in the aqueous 
ammonia at 1.8 weight percent was 50 angstroms per minute, and the pits 
were thirty-two per micron. On the other hand, the etching rate in the aque- 
ous ammonia at 0.0002 weight percent was only 2 angstroms per minute, and 
the pit was not observed. The etching rate in the catholyte was less than 1 
angstrom per minute, and any pit was not observed. 

The present inventors counted the residual polishing particles after the 
brushing, and the number of residual polishing particles was plotted in figure 
3. Upon completion of the chemical mechanical polishing, the residual parti- 



cle on the silicon oxide layer produced from tetraethylorthosilicate, i.e., 
TEOS was equal to or greater than 30000 per each wafer. The present inven- 
tors continued the brushing in the three kinds of washer for 60 seconds. The 
three kinds of washer were the aqueous ammonia at 1.8 weight percent, the 
aqueous ammonia at weight 0.0002 percent and the catholyte obtained 
through the electrolytic process in the pure water, respectively. 

After the brushing, the present inventors counted the residual polishing 
particles on each wafer, and plotted the number of residual polishing particles 
in figure 3. The residual polishing particles fell in the range between 30 per 
wafer and 40 per wafer. Thus, the present inventors confirmed that the aque- 
ous ammonia in low concentration and the catholyte were effective against 
the residual polishing particles as similar to the aqueous ammonia at 1.8 per- 
cent, and achieved the residual polishing particles less than 100 particles per 
wafer. 

As will be understood from the foregoing description, when the brushing 
is carried out in the aqueous ammonia at 0.0001 - 0,5 weight percent, the 
catholyte obtained from the pure water or the water containing the ammonium 
ion equal to or less than 0.5 weight percent or the quasi-catholyte, the residual 
polishing particles 6 are removed from the resultant semiconductor structure 
1/ 2/ 3 without serious pits in the copper wiring 1. 

If the copper wiring is embedded in the inter-level insulating layer formed . 
of the insulating material except the silicon oxide, the catholyte obtained from 
the pure water and the quasi-catholyte without the ammonia are more desir- 
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able than the aqueous ammonia and the catholyte/ quasi-catholyte obtained 
from the aqueous ammonia, because the ammonia is causative of etching and 
increase of dielectric constant as shown in table 1, In table 1, "HSQ" is rep- 
resentative of the hydrogen silisesquiioxane, and "SiO" is representative of 
silicon oxide. 



Table 1 



Washer 


Etching rate (angstroms/ 
min) 


Dielectric Constant of 
HSQ 


HSQ 


SiO 


Before 


After 


NH4OH (pH:9) 


40 


2 


2.9 


4.2 


Catholyte from 
Pure water 


<1 


< 1 


2.9 


2.9 


Quasi-catholyte 


<1 


< 1 


2.9 


2.9 


Oxalic acid 
at 1 % 


<1 


< 1 


2.9 


2.9 



Removal of Metallic Contaminant from Maj or Surface 

The aqueous ammonia is in low concentration so that the aqueous ammo- 
nia and the copper do not produce any ammonia complex. This means that 
the metallic contaminant 7 such as copper oxide is removed in the next step. 

Although a centrifugal spray cleaning is desirable for the removal of the 
metallic contaminants 7, the brushing is available for the second step. The 
metallic contaminants 7 such as Cu are removed by using several kinds of 
" washer. Polycarboxylic acid for producing copper chelate compound is avail- 
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able for the washer. The washer contains the polycarboxylic acid at 0.01 - 7 
weight percent, and oxalic acid is an example of the polycarboxylic acid. The 
copper strip 5 on the reverse surface (see figure 1) is removed by using 
washer containing hydrofluoric acid and hydrogen peroxide. 

The present inventors evaluated the oxalic acid and citric acid after the 
removal of polishing particles by using rolling brushes for a predetermined 
time between 20 - 60 seconds. The present inventors measured residual met- 
allic contaminants K, Fe and Cu on wafers. The wafers were cleaned by us- 
ing washer containing citric acid at 5 weight percent for a predetermined time 
between 15 seconds and 30 seconds, and other wafers were cleaned by using 
different washer containing oxalic acid at 0,1 weight percent for the prede- 
termined time. 

After the second cleaning, the present inventors measured the residual 
metallic contaminants, and plotted them in figure 4. Comparing the washer 
containing the citric acid with the washer containing the oxalic acid, it was 
understood that the washer containing the oxalic acid drastically reduced the 
residual metallic contaminants. The etching rale of the oxalic acid to the 
copper was negligible. The good cleaning capability without etching was de- 
rived from production of chelate complex. The oxalic acid easily reacted with 
the residual copper contaminant, and produced copper chelate complex. 
However, the copper atoms formed the copper strip 5 through the metallic 
bond. For this reason, the copper atoms of the strip 5 hardly reacted with the 
oxalic acid, and the production of copper chelate complex was little. The bar- 
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rier layers 4 of TiN, Ta, TaN or TaSiN did not produce chelate complex to- 
gether with the oxalic acid, and were not etched in the washer containing the 
oxalic acid. The oxalic acid did not etch the inter-level insulating layer 2, nor 
increased the dielectric constant (see table 1). Thus, the washer containing 
oxalic acid was preferable for the removal of the metallic contaminants 
without damage to the resultant semiconductor structure. Although the 
washer containing citric acid was not so large in cleaning capability as the 
washer containing oxalic acid, the residual metallic contaminants were fairly 
reduced, and the washer containing citric acid was available for the first 
cleaning. 

The present inventors evaluated two kinds of washer as follows. The pre- 
sent inventors fabricated samples of the semiconductor structure shown in 
figure 1. The inter-level insulating layer 2 was formed of silicon oxide pro- 
duced from tetraethylorthosilicate (TEOS), and the barrier layers 4 of tanta- 
lum and the copper strips la/ lb were embedded in the inter-level insulating 
layer 2. As described in conjunction with figure 1, the barrier layers 4 and 
the copper strips la/ lb were formed through the chemical mechanical pol- 
ishing. 

The samples were divided into two groups. The residual polishing parti- 
cles were brushed away from the sarnples of the first group for a predeter- 
mined time period between 20 seconds and 60 seconds by using the aqueous 
ammonia at 0.001 weight percent. Upon completion of the first cleaning, the 
present inventors measured the metallic contaminants K, Ca, Ti, Cr, Fe, Ni, 
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Cu and Zn. K and Cr were not detected, and Ca, Ti, Fe, Ni, Cu and Zn were 
plotted as indicated by Cal, Til, Fel, Nil, Cul and Znl (see figure 5). 

The residual metallic contaminants were removed from the samples of the 
first group through a centrifugal spray cleaning using the washer containing 
the oxalic acid. The washer was sprayed for a predetermined time between 15 
seconds and 30 seconds. The samples seemed to be contaminated with K af- 
ter the first cleaning, and K was detected as indicated by K2. However, Ca, 
was drastically reduced as indicated by Ca2, and Ti, Cr, Fe, Ni, Cu and Zn 
were perfectly removed from the samples. 

The residual polishing particles were removed from the samples of the 
second group through the brushing for the predetermined time between 20 
seconds and 60 seconds in the catholyte obtained from pure water, and, there- 
after, the metallic contaminants were removed through the centrifugal spray 
cleaning using the washer containing the oxalic acid. The centrifugal spray 
cleaning was also continued for the predetermined time between 15 seconds 
and 30 seconds. K, Fe, Ni, Cu and Zn were not detected, and residual Ca and 
residual Ti were indicated by Ca3 and Ti3, respectively. 

Thus, the washer according to the present invention removed residual Cu 
as well as other metallic contaminants, and the other metallic contaminants 
did not exceed 2 X 10^" atoms/ cm^. Thus, the present inventors confirmed 
that the washer containing oxalic acid was effective against the metallic con- 
taminants. 
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As will be understood from the foregoing description, the washer con- 
taining oxalic acid is effective against the residual metallic contaminants 7. 
The residual copper and other metallic contaminants 7 are removed from the 
surfaces of the semiconductor structure without damage to the copper wiring 
1. 

If any copper strip is not left on the reverse surface of the semiconductor 
structure, both surfaces of the semiconductor structure may be cleaned by 
using the washer containing oxalic acid. Other polycarboxylic acids, ammo- 
nium salts thereof such as, for example, oxalate and polyaminocarboxylic ac- 
ids are available for the washer in the second cleaning in so far as they pro- 
duce chelate compounds. Examples available for the washer instead of ox- 
alic acid are citric acid, D-tartaric acid, L-tartaric acid, malein acid, malonic 
acid, malic acid and ammonium salts thereof. Although the activation capa- 
bility is not so large as the other examples, succinic acid can produce a che- 
late compound. If the manufacturer prolongs the cleaning time, the succinic 
acid is also available for the second cleaning. 

The present inventors evaluated the above-described polycarboxylic acids 
as follows. The present inventors prepared samples of the semiconductor 
structure shown in figure 1, and the residual polishing particles were brushed 
away for a predetermined time between 20 seconds and 60 seconds by using 
the aqueous ammonia at 0.001 weight percent. The residual copper contami- 
nants on the major surfaces of the samples were indicated by plots BR (see 
figure 6). 



The present inventors further prepared various kinds of washer. These 
kinds of washer respectively contained oxalic acid, citric acid, malic acid, 
malein acid, succinic acid, tartaric acid and malonic acid in water at 1 weight 
percent. The samples were dipped in those kinds of washer for 2 minutes, and 
the present inventors measured the residual copper contaminants. The residu- 
al copper was plotted in figure 6. The residual copper was surely reduced af- 
ter the dipping. Although the residual copper contaminant after the treatment 
with the washer containing succinic acid was relatively high, the residual 
copper contaminant was lowered by increasing either concentration or clean- 
ing time. Thus, the present inventors confirmed that the polycarboxylic acids 
were effective against the copper contaminant. 
Rgmoval of Copper Strip and Contaminants fro.m..Reverse Surface 

On the other hand, if the copper strip 5 is on the reverse surface of the 
semiconductor structure, the third cleaning is required. The second cleaning 
and the third cleaning would be concurrently carried out. 

The third cleaning is carried out by using washer containing hydrofluoric - 
acid and hydrogen peroxide. The hydrofluoric acid, the hydrogen peroxide 
and water are mixed into the ratio of 1 - 10 : 1 - 10 : 200. Although the cop- 
per atoms form the copper strip 5 through the metallic bond, the copper is dis- 
solved in the liquid mixture. However, the diluted hydrofluoric acid can not 
remove the copper strip 5, because the copper is not ionized. 

The present inventors evaluated the liquid mixture as follows. The present 
inventors prepared samples of the semiconductor structure shown in figure 1, 
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and residual polishing particles were brushed away for a predetermined time 
between 20 seconds and 60 seconds, and the aqueous ammonia at 0.001 
weight percent was sprayed to the samples during the brushing. The present 
inventors measured metallic contaminants K, Fe and Cu on the reverse sur- 
faces of the samples before the third cleaning. The metallic contaminants on 
the reverse surfaces were plotted in figure 7. The amount of residual potas- 
sium, the amount of residual iron and the amount of residual copper were in- 
dicated by plots Kl, Fel and Cul, respectively. 

The present inventors divided the samples into two groups. The first 
group was treated with washer containing citric acid at 5 weight percent. The 
washer containing citric acid was sprayed onto the reverse surfaces of the 
samples of the first group for a predetermined time period between 15 sec- 
onds and 30 seconds during the rotation of the samples. Although the residu- 
al potassium and the residual iron were reduced as indicated by plots K2 and 
Fe2, the washer was not effective against the residual copper strip 5 as indi- 
cated by plots Cu2. 

The second group was treated with the liquid mixture, i.e., the aqueous 
solution containing the hydrofluoric acid and the hydrogen peroxide. The 
liquid mixture was sprayed onto the reverse surfaces of the samples of the 
second group during the rotation of the samples, and the second cleaning was 
continued for the predetermined time between 15 seconds and 30 seconds. 
The liquid mixture was effective against the copper strip 5, and all the metal- 
lic contaminants, i.e., potassium, iron and copper were drastically reduced to 
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less than 2 X 10*" atoms/ cra^ as indicated by plots K3, Fe3 and Cu3. Thus, 
the present inventors confirmed that the third cleaning was effective against 
the copper strip 5 and the metallic contaminants 8 without damage to the cop- 
per wiring 1 and the barrier layers 4. 
Second Embodiment 

Turning to figure 8 of the drawings, another semiconductor structure is 
fabricated on a silicon substrate 21. The silicon substrate 21 is covered with 
an inter-level insulating layer 22, and lower wiring strips 23a/ 23b are 
wrapped in the inter-level insulating layer 22, The inter-level insulating layer 
22 is formed of silicon oxide or other insulating materials described in con- 
junction with the first embodiment. Hydrogen silisesquiioxane is desirable , 
for the inter-level insulating layer 22. Contact holes are formed in the inter- 
level insulating layer 22, and the lower wiring strips 23a/ 23b are exposed to 
the contact holes, respectively. The lower wiring strips 23a/ 23b are formed 
of aluminum or copper. 

Titanium or titanium nitride is deposited over the entire surface of the re- 
sultant semiconductor structure, and forms a titanium/ titanium nitride layer. 
The titanium/ titanium nitride layer conformably extends over the entire sur- 
face of the resultant semiconductor structure, and defines secondary contact 
holes. Tungsten is deposited over the titanium/ titanium nitride layer by us- 
ing a chemical vapor deposition or a sputtering. The tungsten fills the secon- 
dary contact holes, and forms a tungsten layer over the inter-level insulating 
layer 22. 



The tungsten layer and the titanium/ titanium nitride layer are chemically 
mechanically polished until the inter-level insulating layer 22 is exposed, 
again. While a polishing pad is polishing the tungsten layer and the titanium/ 
titanium nitride layer, polishing slurry is supplied onto the polishing pad. 
The polishing slurry contains polishing particles such as silica particles mixed 
in liquid mixture containing oxidizing agents such as hydrogen peroxide and 
iron nitrate. 

Upon completion of the chemical mechanical polishing, barrier layers 24 
and tungsten plugs 25 are left in the secondary contact holes. The silica par- 
ticles 26a/ 26b are left on the major surface and the reverse surface of the 
semiconductor structure, respectively, and are 30000 particles per wafer, Fe 
in the polishing slurry contaminates the semiconductor structure, and is of the 
order of 10^^ atoms/ cm^. If polishing slurry contains K or Cu, these contami- 
nate the semiconductor structure. The metallic contaminant or contaminants 
are labeled with 27a/ 27b in figure 8. 

The polishing particles and the metallic contaminants are removed from 
the major surface and the reverse surface of the semiconductor structure 
through a method similar to that in the first embodiment. 

First, the polishing particles 26a/ 26b are removed through a brushing in 
aqueous ammonia at 0.0001 - 5 weight percent, the catholyte or the quasi- 
catholyte. The ammonia content in the catholyte or the quasi-catholyte ranges 
from zero to 5 weight percent. The tungsten is less soluble in the aqueous 
ammonia, and the manufacturer is less careful in the first cleaning. 
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Subsequently, the metallic, contaminant 27a/ 27b is removed from the 
semiconductor structure. Washer used in the second cleaning is aqueous so- 
lution containing oxalic acid at 0,01 - 5 weight percent. Even if the oxalic 
acid concentration is increased to 7 weight percent, the tungsten plugs 25 and 
the barrier layers 24 are not damaged. The washer may contain ammonium 
oxalate or one of the polyaminocarboxylic acids instead of the oxalic acid. 
The ammonium oxalate and the polyaminocarboxylic acids range from 0.01 
weight percent to 7 weight percent. However, the citric acid is not available 
as described in connection with the prior art. A centrifugal spray cleaning is 
desirable for the second cleaning. Alternatively, a brushing is available for 
the second cleaning. 

In order to remove a metallic strip and the metallic contaminant from the 
reverse surface, the third cleaning may be carried out by using the liquid 
mixture or the aqueous solution containing hydrofluoric acid and hydrogen 
peroxide. 

The polishing slurry containing Fe is usually used for the chemical 
mechanical polishing on the tungsten, and the washer is expected to remove 
the iron contaminant equal to or greater than 10" atoms/ cm^. The iron on the 
silicon oxide layer is in the form of FeO^. The oxalic acid produces a chelate 
complex, and the chelate complex is removed from the semiconductor struc- 
ture. 

The present inventors evaluated the washer. The present inventors pre- 
pared samples of the semiconductor structure, and the inter-level insulating 



layer 22 was contaminated with Fe through a chemical mechanical polishing. 
The initial contaminant was more than 10*^ atoms / cm^ as indicated by bro- 
ken line BLl. The samples were divided into two groups. The present in- 
ventors further prepared the first series of washer containing oxalic acid at 
different concentrations and the second series of washer containing citric acid 
at different concentrations. The oxalic acid concentration was 0.05 weight 
percent, 0.1 weight percent, 0.5 weight percent, 1 weight percent and 5 weight 
percent. The citric acid concentration was also 0.05 weight percent, 0.1 
weight percent, 0.5 weight percent, 1 weight percent and 5 weight percent. 

Using the centrifugal spray cleaning system, the present inventors treated 
the samples of the first group with the first series of washer, and the residual 
Fe concentration was plotted as indicated by plots PLIO. The present inven- 
tors treated the samples of the second group with the second series of washer, 
and the residua] Fe concentration was plotted as indicated by plots PLll. 
Comparing plots PLIO with plots PLll, the first group was much lower in Fe 
concentration than the" second group. Although the washer containing citric 
acid at 10 percent achieved the Fe concentration of the order of 10^^ atoms / 
cm^ the same Fe concentration was achieved by the washer containing oxalic 
acid at 0.01 percent. 

Oxalic acid in the washer does not react with the tungsten plugs 25 and the 
titanium/ titanium nitride barrier layers 24, because tungsten and titanium/ ti- 
tanium nitride form the plugs 25 and the barrier layers 24 through the metal 
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bond. This means that oxalic acid does not damage the tungsten plugs 25 and 
the titanium/ titanium nitride barrier layers 24 (see table 2). 

Table 2 





Etching rate (angstrom/ min) 


Cu 


TIN 


Ta 


TaN 


W 


Ti 


Oxalic acid at 0.1 % 


< 1 


<1 


< 1 


< 1 


< 1 


< 1 


Citric acid at 5 % 


< 1 


< 1 


< 1 


< 1 


< 1 


< 1 


DHF at 0.5 % 


2 


< 1 


< 1 


< 1 


< 1 


50 



In table 2, DHF is representative of diluted hydrofluoric acid. 

As will be understood from the foregoing description, the polishing parti- 
cles and the metallic contaminants are removed from the semiconductor 
structure through the first cleaning and the second cleaning without damage to 
the tungsten plugs 25 and the barrier layers 24. 
Cleaning Sequence for First/ Second Embodiments 

Figure 10 shows a cleaning sequence for the semiconductor structure 
shown in figure 1 or 8. The cleaning sequence starts with preparation of the 
semiconductor structure shown in figure 1 or 8. Namely, the copper wiring 1 
or the tungsten plugs 25 are formed on each silicon wafer through the chemi- 
cal mechanical polishing as by step SPl. The silicon wafers are stored in a 
loader of a cleaning system as by step SP2, An underwater storage is desir- 
able, because the underwater storage prevents the silicon wafers from dryness. 
If the silicon wafer is dried, the dryness makes the removal of the polishing 
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particles difficult. It is appropriate to continuously supply fresh pure water to 
the loader. The fresh pure water prevents the copper wiring 1 from erosion 
due to the oxidizing agent dissolved into the pure water. Alternatively, the 
silicon wafers are sprayed with the pure water in the loader. Since the copper 
wiring 1 is much liable to the eroded, it is desirable to combine the chemical 
mechanical polishing apparatus with the cleaning system. The combined 
system is speedy so that the copper wiring 1 is less eroded. 

Subsequently, the polishing particles are brushed away from both surfaces 
of the silicon wafer as by step SP3. In detail, the silicon wafer 31 is sand- 
wiched between rolling brushes 32 (see figure 11 A). While the silicon wafer 
31 is rotating, the washer is supplied to both surfaces of the silicon wafer 31. 
The washer is the aqueous ammonia at 0.001 weight percent, by way of ex- 
ample, and the brushing is continued for 20 - 60 seconds. The washer is sup- 
plied onto the silicon wafer in the vicinity of the brushes 32. The washer may 
be dropped onto the brushes 32 or sprayed from the inside of the brushes 32. 

The washer was described in detail in conjunction with the removal of 
polishing particles in the first embodiment and the second embodiment. The 
catholytc may be used as the washer. When the catholyte is obtained from 
pure water, pH is 7.0, and the oxidation-reduction potential is -650 milli-volt 
with the reference electrode of AgCl. If the water contains a small amount of 
ammonium ion, pH of the catholyte may be 8.2, and the oxidation-reduction 
potential may be -770 milli-volts. The quasi-catholyte is also available for 
the removal of polishing particles. Hydrogen is bubbled in the pure water or 
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the aqueous ammonia, and the quasi-catholyte is obtained through the hydro- 
gen bubbling. Disk-shaped brushes may be used in step SP3. 

Subsequently, the silicon wafer 31 is rinsed in pure water for 5-20 sec- 
onds as by step SP4. The residual ammonia is removed from both surfaces of 
the silicon wafer 31. 

Subsequently, the metallic contaminants are removed from both surfaces 
of the silicon wafer as by step SP5. The semiconductor wafer 31 is placed on 
a rotor (not shown), and is spun as indicated by arrow 33 (see figure IIB). 
Washer is sprayed to both surfaces of the silicon wafer 31 for 15 - 30 seconds. 
The washer used in step SP5 is described in connection with the first and sec- 
ond embodiments. 

When the copper strip 5 is left on the reverse surface, different kinds of 
washer are respectively supplied to the major surface and the reverse surface 
of the silicon wafer 31. The wasl>er containing oxalic acid at 0.5 percent is 
sprayed onto the major surface of the silicon wafer 31 so as to remove the 
metallic contaminants without damage to the copper wiring 1, and the washer 
containing hydrofluoric acid and hydrogen peroxide is sprayed onto the re- 
verse surface of the silicon wafer 31 so as to remove the copper strip 5 as well 
as the metallic contaminants. Hydrofluoric acid, hydrogen peroxide and pure 
water may be regulated to 1 : 1 : 100. However, if any metal strip is not left 
on the reverse surface, the washer containing oxalic acid is sprayed onto both 
surfaces of the silicon wafer. 
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Subsequently, the silicon wafer 31 is rinsed in pure water for 10 - 30 sec- 
onds as by step SP6. Finally, the silicon wafer 31 is dried by using a spin 
dryer as by step SP7. Finally, the silicon wafer is transferred to an unloader 
(snow shown). 

The cleaning system may have the first chamber for the first cleaning and 
the second chamber for the second cleaning. If the total time for steps SP3 
and SP4 is equal to the total time for steps Sp5 and SP6, the silicon wafers 31 
are sequentially subjected to the first cleaning and the second cleaning 
without any waiting time. The first chamber is should be perfectly separated 
from the second chamber, because the alkaline washer and the acid washer 
produce salt. 

The semiconductor structure shown in figure 8 is sequentially subjected to 
the first cleaning and the second cleaning as similar to the semiconductor 
structure shown in figure 1. The tungsten is less oxidized, and the manufac- 
turer is allowed to speed down. However, it is preferable to carry out the first 
and second cleanings speedy. 

Examples 

The present inventors confirmed the cleaning process on various examples 
as follows. In all the examples, the inter-level insulating layers were formed 
of silicon oxide. 
[First Example] 

A silicon wafer was chemically mechanically polished, and the semicon- 
ductor structure shown in figure 1 was completed on the silicon wafer. Pol- 
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ishing slurry had been supplied to the surface to be polished during the 
chemical mechanical polishing, and contained alumina particles. Upon com- 
'pletion of the chemical mechanical polishing, the silicon wafer was trans- 
ferred to the loader of the cleaning system for the underwater storage. The 
silicon wafer was moved to the first chamber of the cleaning system. 

Using the rolling brushes 32, the alumina particles were brushed away 
from both surfaces of the silicon wafer, and the aqueous ammonia at 0.001 
weight percent was supplied to both surfaces of the silicon wafer during the 
brushing. The brushing was continued for 20 - 60 seconds. After the brush- 
ing, the silicon wafer was rinsed in pure water for 5 - 20 seconds, and residual 
ammonia was removed from the surfaces of the silicon wafer. 

Subsequently, the silicon wafer was moved to the second chamber, and 
was subjected to the centrifugal spray cleaning. The second chamber was 
perfectly separated from the first chamber. While the silicon wafer is turning, 
the washer containing oxalic acid at 0.5 weight percent was sprayed to the 
major surface of the silicon wafer, and the liquid mixture was sprayed to the 
reverse surface of the silicon wafer. The liquid mixture was regulated to the 
ratio between HF, H2O2 and H2O of 1 : 1 : 100. The second cleaning was 
continued for 15 - 30 seconds, and the copper strip 5 and the metallic con- 
taminants were removed from both surfaces of the silicon wafer. After the 
second cleaning, the silicon wafer was rinsed in pure water for 10 - 30 sec- 
onds. The silicon wafer was placed on a rotor of a spin dryer, and was dried. 
The silicon wafer was transferred to the unloader. 
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The present inventors confirmed that the alumina particles, the copper 
strip 5 and the metallic contaminants were removed from the silicon wafer. 
[Second Example] 

A silicon wafer was chemically mechanically polished under the condi- 
tions same as the first example, and the semiconductor structure shown in fig- 
ure 1 was completed on the silicon wafer. The silicon wafer was stored in the 
loader of the cleaning system, and was transferred to the first chamber. 

Using the brushes 32, the alumina particles were brushed away from both 
surfaces of the silicon wafer, and catholyte was sprayed onto both surfaces 
during the brushing. The catholyte was obtained through the electrolysis of 
pure water, pH and the oxidation-reduction potential were 7.0 and -650 milli- 
volts with the reference electrode of AgCl. Upon completion of the first 
cleaning, the silicon wafer was rinsed as similar to the first example. 

The silicon wafer was transferred to the second chamber, and was subject- 
ed to the second cleaning under the conditions same as the first example. Af- 
ter the second cleaning, the silicon wafer was rinsed, and dried as similar to 
the silicon wafer in the first example. 

The present inventors confirmed that the alumina particles, the copper 
strip 5 and the metallic contaminants were removed from the silicon wafer. 
[Third Example] 

A silicon wafer was chemically mechanically polished under the condi- 
tions same as the first example, and the semiconductor structure shown in fig- 



ure 1 was completed on the silicon wafer. The silicon wafer was stored in the 
loader of the cleaning system, and was transferred to the first chamber. 

Using the brushes 32, the alumina particles were brushed away from both 
surfaces of the silicon wafer under the conditions same as those in the first 
example. The silicon wafer was rinsed in the pure water, and was transferred 
to the second chamber. 

The silicon wafer was subjected to the second cleaning under the same 
conditions except the washer sprayed on the major surface of the silicon wa- 
fer. The washer contained oxalic acid at 0.1 weight percent. After the second 
cleaning, the silicon wafer was rinsed and dried as similar to the silicon wafer 
in the first example. 

The present inventors confirmed that the alumina particles, the copper 
strip 5 and the metallic contaminants were removed from the silicon wafer. 
[Fourth Example] 

A silicon wafer was chemically mechanically polished under the condi- 
tions same as the first example, and the semiconductor structure shown in fig- 
ure 1 was completed on the silicon wafer. The silicon wafer was stored in the 
loader of the cleaning system, and was transferred to the first chamber. 

Using the brushes 32, the alumina particles were brushed away from both 
surfaces of the silicon wafer under the conditions same as those in the first 
example. The silicon wafer was rinsed in the pure water, and was transferred 
to the second chamber. 



The silicon wafer was subjected to the second cleaning under the same 
conditions except the washer sprayed on the major surface of the silicon wa- 
fer. The washer contained citric acid at 5 weight percent. After the second 
cleaning, the silicon wafer was rinsed and dried as similar to the silicon wafer 
in the first example. 

The present inventors confirmed that the alumina particles, the copper 
strip 5 and the metallic contaminants were removed from the silicon wafer, 
[Fifth Example] 

The present inventors prepared silicon wafers, which had the semicon- 
ductor structure shown in figure 8.. The tungsten plugs 25 and the barrier lay- 
ers 24 had been formed through the chemical mechanical polishing using 
polishing slurry containing silica particles. 

The silica particles were brushed away from the major surfaces of the 
silicon wafers, and the aqueous ammonia at 0.0001 weight percent was sup- 
plied to the major surfaces. 

Subsequently, residual metallic contaminants were removed through the 
centrifugal spray cleaning, and washer containing oxalic acid was sprayed 
onto the surfaces of the silicon wafer. Different oxalic acid . concentrations 
were given to the washer, and was 0,05 weight percent, 0.1 weight percent, 
0.5 weight percent, 1 weight percent and 5 weight percent. The present in- 
ventors confirmed that the silica particles and the metallic contaminants were 
removed from the silicon wafers. 
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As will be appreciated from the foregoing description, the cleaning method 
according to the present invention makes both surfaces of a semiconductor 
wafer clean without damage to the conductive members such as a copper 
wiring, the tungsten plugs and the barrier layers. 

Although particular embodiments of the present invention have been 
shown and described, it will be apparent to those skilled in the art that various 
changes and modifications may be made without departing from the spirit and 
scope of the present invention. 



